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The main aim of this study was to develop a rapid and cheap bioassay to identify germination inhibitory compounds directly from plant crude
extracts. Extracts of Plumbago auriculata and Carya illinoinensis as well as their previously identified allelopathic compounds, plumbagin and
juglone, respectively, were developed on TLC plates. The plates were covered with a thin layer of agar (2–4 mm) and Lactuca sativa (lettuce) and
Arabidopsis thaliana seeds placed onto it. After incubation of the plates for three days complete germination inhibition correlating to specific
compounds in the extract was clearly visible. Plumbagin and juglone inhibited the growth of the seeds completely while a second compound in the
P. auriculata extract also showed inhibition. This compound was identified through chemical synthesis as plumbagin epoxide. This is the first
report of its presence in P. auriculata. By using this bioassay on TLC, plant extracts can be tested cheaply and rapidly and the compounds
responsible for germination inhibition be identified.
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Germination inhibitory compounds and allelochemicals are
phytotoxic compounds produced by plants that aid them in both
interspecific and intraspecific competitions. The search for
allelochemicals is a growing research field, because these
compounds may be developed as herbicides in agriculture. One
of the most common bioassays to test for allelochemicals is to
use lettuce seeds (Lactuca sativa L.) in Petri dish germination
trials, as it is generally an allelochemical-sensitive species,
readily available and it germinates rapidly and uniformly.
According to Pennacchio et al. (2005) lettuce seeds are
sometimes insensitive to specific chemicals and therefore
proposed to use Arabidopsis thaliana (L.) Heynh (Brassicaceae)
in an alternative bioassay. If a plant extract inhibits germination⁎ Corresponding author.
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chemicals might be present in the extract. Isolation of the
bioactive compound is usually done by bioassay-guided
fractionation of the extract, with germination experiments in
Petri dishes, until a pure compound is isolated. This method can
be costly (especially the chromatographic stationary phases)
and time-consuming. Inoue et al. (1992), reported on the
isolation and characterisation of allelochemical compounds
from Polygonum sachalinense with the use of TLC plates
covered with agar to detect allelochemical compounds in crude
extracts. To verify and improve this method two plant species,
Plumbago auriculata Lam. (Plumbaginaceae) and Carya
illinoinensis (Wangenh.) K. Koch. (Juglandaceae), containing
known allelochemicals (plumbagin and juglone, respectively,
Fig. 1) were tested with the use of this bioassay, for germination
inhibition on lettuce as well as A. thaliana seeds (Kocacaliskan
and Terzi, 2001; Rischer et al., 2002; Spencer et al., 1986). In
addition, plumbagin epoxide was isolated for the first time from
this species. This compound showed activity in this bioassay
and was therefore isolated and characterised through chemical
synthesis and spectroscopic analysis. This bioassay greatlyt reserved.
Fig. 1. The allelochemicals, juglone, plumbagin and the germination inhibitor,
plumbagin epoxide.
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fractionation of the crude extract.
2. Materials and methods
2.1. Chemicals and reagents
All chemicals used were of AR purity. The organic solvents
were distilled before use. Pre-coated silica gel 60 TLC plates
were obtained from Merck. The agar was purchased from
Unilab (Saarchem, Muldersdrift) while the standards plumbagin
and juglone were purchased from Sigma-Aldrich. For the
synthesis of plumbagin epoxide, sodium perborate, HCl and
NaCl were also obtained from Sigma-Aldrich.Fig. 2. (A) The crude P. auriculata extract in the left lane shows three major compou
corresponding to the pure plumbagin standard in the right hand lane. Plumbagin epo
seed germination by plumbagin (red arrow) and plumbagin epoxide (blue arrow) ca2.2. Plant material
FreshP. auriculata roots were collected from the University of
Pretoria's botanical garden. A herbarium specimen was prepared
and compared to a reference sample (PRU 061793) in the HGWJ
Schweikerdt herbarium of the University of Pretoria. C.
illinoinensis nuts and L. sativa (Kirchoffs Lettuce Great Lakes)
seeds were purchased locally and A. thaliana seeds were obtained
from the European Arabidopsis stock centre in Nottingham, UK.
2.3. Plant extraction
The plant material (1 g) was air dried and grounded into a
fine powder with a mortar and pestle. It was then extracted with
dichloromethane (30 ml), filtered by vacuum through Whatman
No 3 filter paper and dried on a rotary evaporator at 30 °C. The
plant material was extracted three times.
2.4. Bioassay on TLC plates
The crude extracts and two standards, plumbagin and juglone,
were dissolved in dichloromethane to a final concentration of
1 mg/ml. Fifty microlitres of the solutions were spotted on TLC
plates and developed in a hexane:ethyl acetate (5:2) mobile phase.
The developed plates were observed under UV light at 254 and
366 nmand themajor constituents in the extracts aswell as the pure
compounds circled with a pencil. Agar (Unilab) was prepared (1 g
per 100 ml distilled water) and sterilised in an autoclave. The agar
was allowed to cool to 45 °C and 18 ml poured over the TLC plate
in a 9 cm diameter Petri dish. The lettuce and A. thaliana seeds
were placed on the agar (on separate TLC plates), along the whole
band of the crude extract and also on the two standards. In addition,
theywere also placed on several other places of the plate and on thends under long wavelength UV. The red compound being plumbagin (red arrow)
xide is indicated with the blue arrow in the extract. (B) The inhibition of lettuce
n clearly be seen.
Fig. 3. The germination inhibition of lettuce seeds by juglone (blue arrow) in the
right hand lane can clearly be seen. No corresponding germination inhibition by
the crude extract of C. illinoinensis is visible in the left hand lane.
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and sealed with Parafilm and incubated at 21 °C for three days.
2.5. Synthesis of plumbagin epoxide
Plumbagin epoxide (Fig. 1) was synthesised because apart
from plumbagin, another similar compound in the P. auriculata
extract also inhibited germination. It was synthesised according
to Lillie and Musgrave (1980) who stated that certain
naphthoquinones can be epoxidised at the C2 and C3 positions
with sodium perborate. Twenty five mg of plumbagin was
dissolved in 10 ml of ethanol at 0 °C and a solution of sodium
perborate (62.5 mg) in water (7 ml) was added while stirring.
After 2 min the pH was adjusted to 5 with 2 M HCl. A saturated
solution of NaCl in water (5 ml at 0 °C) was added and the
mixture extracted with hexane after 4 min. The product of the
reaction was purified by silica gel column chromatography and
tested by HPLC and NMR for purity and identity.
2.6. Structural characterisation of plumbagin epoxide
To confirm the presence of plumbagin epoxide in the P.
auriculata extract, the synthetic compound was co-injected with
the isolated compound into a HPLC using a Phenomenex RP18
column (150×4.6 mm, 4 μm) with 62.5% acetonitrile and 5%
aqueous acetic acid as mobile phase. A flow rate of 1 ml/min
was employed with the detection system a UV6000LP PDA
detector at 254 and 430 nm. The 1H NMR analysis was done on
a Varian Mercury-Plus 200 MHz spectrometer with CDCl3 as
solvent, referenced to 7.24 ppm. In addition, a TLC analysis
was performed to show that the two compounds were the same.
3. Results and discussion
3.1. Germination inhibition
The germination inhibition on TLC plates was strikingly
clear (Fig. 2). The plumbagin standard and the compound
corresponding to plumbagin in the P. auriculata crude extract
showed complete germination inhibition of both lettuce and A.
thaliana seeds. The compound just below plumbagin in the
extract (identified as plumbagin epoxide), also completely
inhibited germination of both seed species. Juglone completely
inhibited the germination of lettuce (Fig. 3) and A. thaliana
seeds on the TLC plates. No traces of juglone could be found in
the crude extract of C. illinoinensis nuts by HPLC and TLC
analyses and therefore no germination inhibition was observed
at the Rf value corresponding to juglone in the crude extract.
3.2. Structural characterisation of plumbagin epoxide
The presence of a germination inhibitory compound in the
crude extract of P. auriculata, other than plumbagin, resulted in
the characterisation of plumbagin epoxide through chemical
synthesis. It was previously reported as a germination inhibitorycompound (Rischer et al., 2002). This is the first report of its
presence in P. auriculata. The 1H NMR data for plumbagin
epoxide are: (200 MHz, CDCl3): δ 1.70 (3H, s, CH3), 3.78 (1H,
s, H-3), 7.26–7.64 (mp, 3H, H6-8), 11.18 (1H, s, OH). Co-
injection of the synthetic and isolated plumbagin epoxide into a
HPLC resulted in one well-defined peak. Co-TLC also gave the
same Rf values for the two compounds.
We propose that this rapid TLC bioassay could be used to
screen for germination inhibitory compounds in many crude
extracts in a relatively short time. By employing different
mobile phases the compounds in an extract could be sufficiently
separated to identify the inhibitory compound(s), which can
then be isolated through bioassay-guided fractionation.
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